the larynx it can result in aspiration. A carefully taken history and ear, nose and throat examination combined with cine-cesophagram usually defines the etiology site and degree of disability. Rhinolalia caused by dysfunction or hypofunction of the soft palate can ordinarily be corrected by Teflon injection in the posterior wall of the nasal pharynx. In adults this may be performed under topical anmsthesia but it can be uncomfortable and certainly in children general anesthesia is necessary. This is done with the Bruening syringe with a nineteen gauge straight needle 3-4 in. (7.5-10 cm) long with a Rubin ring on the end. It is necessary to deposit the Teflon in the muscular layer as high as possible by passing the needle under the edge of the retracted soft palate. Care should be taken not to inject any Teflon in the lateral wall of the nasal pharynx so as to avoid the risk of injecting Teflon in the internal carotid artery, which can cause a cerebrovascular accident.
Combined paralysis of the pharynx and larynx resulting in aspiration can sometimes be ameliorated by Teflon injection of the paralysed vocal cord, but the results are unpredictable since these patients vary in the speed and effectiveness with which they pass a bolus of food through the hypopharynx. If significant aspiration persists after Teflon injection of the paralysed vocal cord, then the patient can be evaluated for cricopharyngeal myotomy or installation of a cuffed tracheotomy tube. The cuffed tracheotomy tube has been especially useful in patients with amyotrophic lateral sclerosis or brain-stem cardiovascular accident. By inflating the balloon cuff just until it is airtight when the patient is blowing upward against it, it is possible to obtain a sufficiently tight seal to prevent saliva running into the lungs. However, this cuffed tracheotomy tube requires expert nursing care since it is desirable to deflate it and reinflate it about four times daily to release the secretions from the space between the vocal cords and the upper edge of the balloon cuff so they can be aspirated from the trachea. Necrosis of the trachea is only preventable by avoiding overinflation of the cuff.
Once it is determined that the condition is irreversible, then it is preferable to section the trachea between the first and second tracheal rings in order to bring the lower tracheal stump to the skin to create a permanent tracheostoma, just as is done after a total laryngectomy. It is not necessary to remove the larynx ordinarily but just to fracture the first trachea ring in the anterior midline so its edges can be sutured together to make a blind pouch below the vocal cords. Surprisingly, this pouch often remains clear, and in any case the collection of food and secretions in it does not cause harm. Dr When using radiology to study the function of the pharynx and larynx it is essential to investigate the behaviour of adjacent structures. Radiology may be used to study the mouth, pharynx, larynx and cesophagus, under conditions approaching normality using the techniques of simple radiography, tomography, cinefluorography and fluoroscopy, with or without video tape, in various projections (Ardran & Kemp 1956) . Examinations may be combined with manometry or other ancillary techniques. The part may be examined using the natural air contrast in the airways or by the use of positive contrast in the form of barium swallows, palatography or laryngography. The examinations may include studies of the individual at rest, during quiet breathing, Valsalva procedures, swallowing and phonation of certain vowels or consonants. On the basis of the appropriate studies in any individual case, backed by knowledge of the normal in the relevant age and sex group, opinions may be given as to the size, shape and positions of organs relative to the bony parts and to the airways. The information obtained must be correlated with other observed facts. Changes in contrast, e.g. calcifications or air-filled sacs or changes in the fat distribution, may be noted, soft tissue infiltrations may be observed. All movements must be described from the position of rest in the posture adopted at the time of the examination. The position of rest is described as that during quiet breathing, or in young babies when asleep. The resolution of the movements into their component parts is limited by timing of the radiographic exposures and by other physical factors which impair the radiographic image.
Abnormal movements may be due to: (1) Structural lesions in tissues other than the muscles or nerves which may fix or impair the mobility of the part. It must be remembered that patients with long-standing neurological disorders may develop other structural lesions, such as a carcinoma, pharyngeal web or diverticulum, which may account for their symptoms; we have seen such cases in multiple sclerosis, Friedreich's ataxia and muscular dystrophy. Such patients should be examined when they develop symptoms not clearly in accord with the life history of their neurological disorder. (2) Lesions affecting the muscles, myoneural junctions or the nerve supply (motor or sensory). Radiological studies will reveal the situation and extent of the anomaly but not distinguish the primary site of the defect. It may be desirable to examine the patients when they have been fatigued or after drugs such as prostigmine. In our experience the results after using such drugs are not always as clear cut as is usually claimed. (3) Functional abnormalities, e.g.: (a) a child born without normal reflex responses, (b) failure to learn, (c) functional suppression of normal activity, (d) hysteria; we have not clinically experienced malingering.
Abnormalities of movement comprise: absence or impaired range of movement; slow movement; inability to sustain movement; failure to relax. Any or all of these may occur alone or in combination, and result in ineffective movement. Some movements are too rapid for detailed analysis; theFe include the articulation of consonants and certain abnormal movements such as tics.
The patient's complaint or the clinical recognition of an abnormality depends upon: severity and extent of the cause of the lesion; the rapidity of onset; and the extent to which compensation is possible. When there is a single defect in the mechanism, compensation can often be effected in several ways. If the development of the lesion is insidious there may be no complaint. When a defect is present the patient may learn to compensate, and such patients may be said to have recovered.' The underlying defect may again become manifest during the recovery from anesthesia or when the general condition of the patient weakens or when additional changes develop.
The fundamental clinical problems can usually be considered under the following headings: (1) Why can the patient not breathe properly? (2) Why has the patient difficulty in swallowing?
(3) Why is speech impaired? (4) Why is airway aspiration occurring?
The Tongue The size and behaviour of the tongue influence the pharyngeal airway and its clearance of swallowed material. Neurological lesions of the tongue can often be best demonstrated by ordinary clinical examinations. If there is a hypoglossal nerve palsy the tongue on the affected side will atrophy, i.e. lose volume, and the patient will usually swallow with the food pushed to the palsied side particularly if there is a homolateral pharyngeal palsy (Ardran et al. 1957) . We have described criteria for assessing the size of the tongue relative to the surrounding mouth parts (Ardran & Kemp 1972a, b) and we have found that many muscular dystrophy patients with clinically large tongues have in fact small tongues when one considers the tongue as a whole and not just the projecting part (Ardran, Hamilton & Kemp 1973) . Likewise, in a series of children with Down's syndrome who normally have the tongue protruded, none had large tongues but they did have large tonsils and adenoids if these had not been removed, and they all had large lingual tonsils (Ardran, Harker & Kemp 1973) . We postulated that without protrusion the laryngeal airway was narrowed due to the large lingual tonsil. In patients with acromegaly some had large tongues but many also had large lingual tonsils and protrusion of the tongue was necessary to maintain an adequate airway posteriorly. Some patients failed to develop the typical prognathus jaw and we assumed this might be due to an increase of size of the mouth cavity.
The Soft Palate The movements of the soft palate on swallowing are a useful guide to indicate whether a pharyngeal swallowing reflex has been initiated. We have seen many patients whose palates clinically have been described as palsied, and may or may not move on phonation, but in whom swallowing studies show no abnormality. One must distinguish between true elevation of the palate and the palate which is finally pushed up by the backward moving tongue at the end of the swallowing act. This type of study is very useful to distinguish between an upper and lower motoneurone lesion of the palate (Fig 1) .
The Pharyngeal Constrictors
The tongue, with its peristaltic-like action, may clear fluid from the mouth into the pharynx and this is often described as the first stage of swallowing. However, normal infants and many other individuals may have an apparently normal tongue movement expressing the mouth contents into the pharynx, but not immediately followed by a true swallowing reflex in that the palate may not elevate, though it may be capable of doing so on another swallowing act. When the tongue movement is normal and the palate elevates at the correct time, then if peristaltic-like activity of one or more of the pharyngeal constrictors does not follow, we 
The Larynx
We have previously stated that the laryngeal airway is normally wide open during quiet breathing and that the vocal folds turn upwards into the laryngeal ventricles so that the lateral walls of the larynx produce a smooth contour slightly convex into the airway (Ardran et al. 1953 , Ardran et al. 1954 , Ardran & Kemp 1975 . Whenever the glottis is to be closed for speech, swallowing, breath-holding &c., this is achieved by the arytenoid cartilages moving downwards, forwards and inwards, and turning down the vocal folds so that they approximate and meet in the mid-line (Ardran & Kemp 1966 , 1967 . These movements can be well shown in frontal tomography. It is important that the airway may be seen wide open during breathing to give a base line for the study of the movements: this base line is essential for the study of laryngeal palsies.
We think that full abduction of the cords and sometimes adduction can be better studied by this method than by direct observation. Lateral radiography during production of high-pitched vowel sounds may be used to study the action of the cricothyroid muscles and we have found this technique to be more reliable than direct examination, though we have difficulties in studying unilateral disease. If the patient cannot produce a high-pitched sound and failure of cricothyroid action is demonstrated, we do not at present know of any other way of making the cricothyroid muscles act. This may give rise to problems in hysterical aphonias.
Thyrohyoid Approximation
The importance of thyrohyoid approximation, resulting in backward movement of the epiglottis which closes the vestibule and partly or wholly obliterates the laryngeal ventricular air spaces, has been described in detail (Ardran & Kemp 1966 , 1967 . It is this thyrohyoid approximation which can approximate an epiglottis to the tips of the down-turned arytenoid masses, enabling the larynx to close from the level of the vocal cords to its entrance in swallowing or breathholding. This mechanism should be intact even in bilateral recurrent laryngeal nerve palsy and is the reason why patients, at least after an initial disturbance, do not allow food into the airway.
Airway Aspiration
Airway aspiration may result either from an initial failure to close the larynx or from aspiration of pharyngeal residues on reopening the larynx (Ardran & Kemp 1952) . Failure to close the larynx results from: (1) Gravitational flow from the mouth, with failure to excite a closing response and normal swallowing; this may be due to sensory or motor impairment. (2) Failure to tip the epiglottis backwards, so that material enters the laryngeal entrance instead of passing down the lateral food channels or posteriorly before the larynx closes.
(3) Inability to close the larynx due to structural damage or muscular weakness. Aspiration of pharyngeal contents results from any factor which may have caused pharyngeal residue or may be due to regurgitation of cesophageal contents. Postural factors may contribute to aspiration. The examination of patients on the lines indicated above will frequently help in elucidating the nature and extent of their problems and may help in their future management. Cricopharyngeal Sphincterotomy and Bilateral Division of the Chorda Tympani in Bulbar Palsy Swallowing is a complex mechanism in which the functions of the central and autonomic nervous systems are integrated to produce a smooth and speedy transference of the bolus from the mouth to the stomach. Kirchner (1958) said that 'of the many muscles involved in swallowing none has equalled the cricopharyngeus in stimulating the curiosity of the investigator'. By stimulation of the vagus nerve and cervical sympathetic trunks in the dog and observing the functions of the cricopharyngeal sphincter he came to the following conclusions: (1) The cricopharyngeus muscle was found by pressure recordings to be in a constant state of tonus during its resting stage. (2) During normal deglutition the muscle first relaxes then contracts to a pressure level equal to or higher than its resting pressure. (3) Unilateral vagus section at the base of the skull diminishes slightly the relaxation phase of the muscle during swallowing but does not produce dysphagia in the dog. (4) Bilateral vagus section at the base of the skull abolishes the relaxation phase and produces severe dysphagia during the dog's remaining hours of life. (5) Faradic stimulation of the vagus branch to the cricopharyngeus produces a sharp relaxation of pressure. (6) Stimulation of the superior cervical ganglion produces a sharp rise in pressure. (7) Relaxation is mediated by the parasympathetic fibres and contraction by the sympathetic fibres. (8) Dysphagia may result from increased tonus in the cricopharyngeus as a result of sympathetic overactivity in lesions affecting the vagus nerves between the nucleus ambiguus and the ganglion nodosum. Surgical treatment of this condition would require division of either the muscle itself or its sympathetic nerve supply.
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One can see from these findings that not only has a patient with a severe pharyngeal paralysis lost the normal peristaltic movement of the pharyngeal musculature but, once the bolus reaches the hypopharynx, the sphincter is in a state of spasm, failing to relax in front of the advancing food, giving rise to severe dysphagia. Rogers (1935) reported relief of severe dysphagia in a woman with a spastic cricopharyngeus muscle on whom he performed bilateral extirpation of the superior cervical sympathetic ganglia. Belsey (1966) said that 'the voluntary contraction of the pharyngeal muscles that initiates relaxation of the upper sphincter and esophageal peristalsis is impaired in force in certain brain-stem lesions... Basilar artery thrombosis leads to brain-stem damage that may interfere with the swallowing act by causing a condition of achalasia of the upper sphincter and adjacent segment of upper cesophagus.' Bofenkamp (1958) described two patients with bulbar poliomyelitis who had complete dysphagia even for their own saliva, who were enabled to swallow fluids and solids after total excision of the cricopharyngeal sphincter. In a paper on the functions of the cricopharyngeal sphincter Lund (1968) mentions four cases in which myotomy relieved symptoms of dysphagia. Two patients had unilateral pharyngeal palsy secondary to a cerebrovascular accident, one had bulbar poliomyelitis and one an incipient pharyngeal pouch. Mills (1973) reported a series of 23 cricopharyngeal sphincterotomies, 17 of which were for patients suffering from motor neurone disease.
Indications
The conditions that may cause pharyngeal paralysis, and where the operation has been used, are motor neurone disease, cerebrovascular accidents, malignant neuromyopathy and involvement of the IX and X cranial nerves in carcinoma of the nasopharynx. Recently I have operated on a woman with Huntington's chorea, with excellent
